We identified New Delhi metallo-␤-lactamase (NDM-1)-producing Citrobacter freundii GB032, Escherichia coli GB102, and Acinetobacter baumannii GB661 in urine and stool samples from a single patient in China. Plasmid profiling and Southern blotting indicated that bla NDM-1 from GB032 and that from GB102 were likely located on the same plasmid, while bla NDM-1 from GB661 was located on a very large (>400-kb) plasmid. This case underscores the broad host range of bla NDM-1 and its potential to spread between members of the family Enterobacteriaceae and A. baumannii.
N

DM-1 (New Delhi metallo-␤-lactamase [MBL]
) was first reported in 2009 in Klebsiella pneumoniae and Escherichia coli isolated from a patient in Sweden who had received medical care in New Delhi, India (1) . Since then, the gene for this ␤-lactamase, bla NDM-1 , has rapidly disseminated to various Gram-negative pathogenic species worldwide. The emergence of NDM-1-producing members of the family Enterobacteriaceae and Acinetobacter spp. has been reported in many countries, including China (2, 3) . Alarmingly, there have been reports of three different bacteria carrying bla NDM-1 in a single patient, including K. pneumoniae, E. coli, and Proteus mirabilis from a patient in Jerusalem, Israel (4); two K. pneumoniae isolates and one E. coli isolate from a patient in Vancouver, Canada (5) , and Enterobacter cloacae, K. pneumoniae, and Acinetobacter baumannii from a patient with diarrhea in Bangladesh (6) . Multiple NDM-producing species in a single patient increase the risk of dissemination and reinfection. Here, we report the identification and characterization of NDM-1-producing isolates of Enterobacteriaceae family members Citrobacter freundii and E. coli and of A. baumannii from a single patient in China.
(Part of this work was presented at the 54th Interscience Conference on Antimicrobial Agents and Chemotherapy, Washington, DC.)
The patient was a 52-year-old Chinese male with no prior medical history including diabetes mellitus. He traveled to Pakistan every 2 or 3 months for his business. After staying in Karachi for 10 days, he was admitted to a hospital in Karachi, Pakistan, for 3 days in July 2010 for fever. He did not receive any antimicrobial therapy at the time. He returned to China by himself and was subsequently admitted to a hospital in Sichuan, China; a diagnosis of urinary tract infection (UTI) was made on the basis of the symptoms of fever, lack of appetite, and slight burning with urination. On 9 July 2010, his urine culture grew A. baumannii GB661, which was resistant to all of the antimicrobial agents tested, including carbapenems. He was treated with oral levofloxacin at 200 mg twice a day and tinidazole at 200 mg twice a day for 7 days, which led to resolution of his symptoms. He presented again a month later, however, with the symptoms of fever and burning with urination, which was diagnosed as UTI again. This time, the urine culture grew C. freundii GB032 resistant to multiple antibacterial drugs, including carbapenems, was identified in his urine on 18 August 2010; the patient was treated with oral levofloxacin at 400 mg twice a day for 10 days, again leading to resolution of his UTI symptoms. After the completion of this treatment, however, carbapenem-resistant E. coli isolate GB102 was identified on 30 August 2010 in a stool sample collected for surveillance purposes. The patients did not have a urinary catheter throughout these episodes. All three isolates were identified biochemically with API 20E or API 20NE (bioMérieux), and the genospecies of A. baumannii GB661 was also confirmed as A. baumannii by PCR and sequencing specific to the rpoB and gyrB genes (7, 8) .
Antibiotic susceptibility profiles were obtained by the agar dilution method based on the Clinical and Laboratory Standards Institute guidelines of 2012 (9) . All three isolates were highly resistant to ampicillin, cefoxitin, ceftazidime, cefotaxime, aztreonam, cefepime, imipenem, meropenem, and ertapenem, with MICs of all of the agents of Ն32 g/ml. A. baumannii GB661 and E. coli GB102 were also resistant to amikacin and gentamicin, with MICs of Ն512 g/ml (Table 1 ). All three isolates exhibited positive results by either the modified Hodge test or imipenem-EDTA synergy test by disks, suggestive of MBL production (10) .
PCR analyses were performed to identify various resistance genes, including MBL genes (bla NDM , bla IMP , bla VIM , bla SPM , bla SIM , bla GIM , and bla AIM ) (1), non-MBL carbapenemase genes (bla KPC , bla OXA-48-like , bla , bla OXA-40-like , bla OXA-51-like , and bla OXA-58 ) (11) , and various other genes (12) . PCR products were sequenced on both strands with an ABI3700 instrument (Applied Biosystems, Foster City, CA), and bla NDM-1 was identified in all three isolates. bla CTX-M-14 , bla , and bla TEM-1 were also carried by C. freundii GB032 and E. coli GB102 but not by A. baumannii GB661. The aminoglycoside resistance gene armA was identified in E. coli GB102 and A. baumannii GB661 but not in C. freundii GB032. The isolates were negative for all of the other resistance genes tested for by PCR (Table 1) .
Multilocus sequence typing (MLST) of A. baumannii GB661 was performed as described at the Institut Pasteur website (http: //www.pasteur.fr/recherche/genopole/PF8/mlst/Abaumannii .html) and showed that A. baumannii GB661 belonged to sequence type 103 (ST103), which has been reported in NDM-2- producing A. baumannii in Egypt, the United Arab Emirates, and Israel (13) . MLST of E. coli GB102 was also performed according to the protocol at http://mlst.warwick.ac.uk/mlst/dbs/Ecoli and identified E. coli GB102 as a member of ST648, which was reported in three NDM-producing E. coli isolates recently. Two of them were identified in patients in Karachi, Pakistan, where the patient in this study had traveled, while the other one was isolated from a patient in the United Kingdom (14) .
Conjugation experiments were performed with azide-resistant E. coli J53 as the recipient for all three isolates. Transconjugants were selected on lysogenic agar containing imipenem (2 g/ml) and sodium azide (50 g/ml). Carbapenem-resistant transconjugants containing bla NDM-1 were successfully obtained for C. freundii GB032 and E. coli GB102 but not for A. baumannii GB661, which failed to transfer bla NDM-1 into E. coli J53 by either plasmid conjugation or transformation of electrocompetent cells with extracted plasmids. Transconjugants of C. freundii GB032 and E. coli GB102 were positive for bla NDM-1 , as well as bla CTX-M-14 and bla TEM-1 , suggesting that these genes were located on the same conjugative plasmid (Table 1) .
Plasmids in the bla NDM-1 -containing transconjugants of C. freundii GB032 and E. coli GB102 and the A. baumannii GB661 clinical isolate were extracted by the standard alkaline lysis method (15) , digested with XbaI (MBI Fermentas, Vilnius, Lithuania), and subjected to electrophoresis in a 0.8% agarose gel. The presence of bla NDM-1 determinants was confirmed by Southern hybridization with a bla NDM-1 gene probe. As a result, plasmids in the bla NDM-1 -harboring transconjugants of C. freundii GB032 and E. coli GB102 had restriction patterns that were identical to each other but differed from that of A. baumannii GB661 (Fig. 1) . This indicated that bla NDM-1 from C. freundii GB032 and that from E. coli GB102 were likely located on the same plasmid, which can be shared by and disseminated between different species. Further, Southern hybridization analysis with the bla NDM probe and S1 nuclease pulsed-field gel electrophoresis (PFGE) of A. baumannii GB661 showed that the bla NDM gene in A. baumannii GB661 was located on a very large (Ͼ400-kb) plasmid, which may be the reason that transformation of this plasmid was unsuccessful (Fig. 2) .
Cloning experiments and PCR mapping were performed to detect the genetic environment of bla NDM-1 in the three isolates (12) . From A. baumannii GB661, we obtained an ϳ12-kb fragment containing bla NDM-1 and its environment. ISAba14, aphA6, and ISAba125 were upstream of bla NDM-1 , and ble MBL (mediating bleomycin resistance), trpF (encoding phosphoribosylanthranilate isomerase), dsbC (encoding the Tat twin-arginine translocation pathway signal sequence domain protein), disrupted cutA1 (encoding periplasmic divalent cation tolerance protein), tnpR (encoding a putative resolvase), ISAba16, and zeta (a putative toxin gene) were downstream of bla NDM-1 (Fig. 3) . This genetic structure was identical to that found in plasmid pXBC1 in Acinetobacter johnsonii (JX441323) from China. pXBC1 is a variant of pNDM-BJ01 from Acinetobacter lwoffii (JQ001791) and pXBB1 from A. johnsonii, both reported from China (16, 17) . The differences between these two structures include the absence of a large region downstream of bla NDM-1 including groES/groEL, ISCR27, and ISAba125 and the presence of ISAba16 between tnpR and zeta in pGB661 and pXBC1. Similar genetic structures of bla NDM-1 found in various Acinetobacter species from different locations in China suggested that bla NDM-1 and the mobile elements associated with it are being exchanged among Acinetobacter spp. in this area.
For C. freundii GB032 and E. coli GB102, we obtained an ϳ11-kb fragment containing bla NDM-1 and its environment, which was inserted between a truncated ygbj gene (encoding a putative dehydrogenase) and IS3000. bla NDM-1 was flanked by ISAba125 and IS26 in the upstream and downstream regions, respectively. Specifically, ISAba125 located 94 bp upstream of bla NDM-1 was disrupted by IS5, which was flanked by a 5-bp direct repeat (CCTAA) at both ends, indicating that this insertion was caused by transposition. IS3000 was identified further upstream of disrupted ISAba125. ble MBL , trpF, dsbC, cutA1, groES/groEL (encoding chaperonin), and insE were found downstream of bla NDM-1 (Fig. 3) . The genetic structure was identical to the sequence found in different plasmids of Enterobacteriaceae reported from China, including pNDM-HN380 from K. pneumoniae (GenBank accession no. JX104760), pNDM-HF727 from E. cloacae (KF976405) (18) , and pYE315203 from C. freundii (JX254913). This genetic structure was also found in four of seven NDM-1-producing K. pneumoniae isolates from patients admitted to the same hospital through active surveillance for carbapenem-resistant Gram-negative bacteria, including Enterobacteriaceae, A. baumannii, and P. aeruginosa, during the same time period (data not shown). These results indicate that this genetic structure has likely already spread in this part of China, which is a worrisome development for the dissemination of NDM-1 in Enterobacteriaceae.
The general lack of clinical and microbiological information regarding NDM-producing bacteria in Pakistan, along with the fact they have already started to spread in China as well, makes it difficult to definitely identify the origin of the three NDM-producing strains recovered from this patient. However, the limited data available have suggested that NDM-producing bacteria are likely to be highly endemic in Pakistan (19, 20) . Also, considering the timeline, in which the patient initially presented with A. baumannii GB661 upon his return from Pakistan and then more than a month later with C. freundii GB032 and E. coli GB102, we cautiously suspect that the patient likely acquired A. baumannii GB661 in Pakistan rather than locally in China and likely acquired C. freundii GB032 and E. coli GB102 locally in China rather than in Pakistan.
Expectedly, the three-gene cluster bla NDM-1 ble MBL trpF and an ISAba125 element (entire or truncated) immediately upstream of the bla NDM-1 gene were found in all three isolates in this study, in agreement with most previous studies of bla NDM -carrying Enterobacteriaceae, P. aeruginosa, and Acinetobacter spp. worldwide (21) . This highly conserved structure probably facilitates the spread of bla NDM when under selective pressure in the environment (22) . The plasticity of the genetic environment of bla NDM-1 beyond this core gene cluster may explain the observed rapid dissemination of bla NDM among many Gram-negative bacterial species and across different genera.
In addition, we found only a single copy of ISAba125, which was inserted downstream of aphA6 on a very large plasmid in A. baumannii GB661 (Fig. 3) . Several previous studies, however, reported that the bla NDM gene was located between two copies of the ISAba125 element, forming composite transposon Tn125 in Acinetobacter spp., while truncated forms of this composite transposon have been identified in Enterobacteriaceae, including in this study, suggesting that Acinetobacter spp. were the likely reservoir of bla NDM before it moved to Enterobacteriaceae (23) .
In conclusion, the present study underscores the versatility of bla NDM-1 , as evidenced by its detection in both Enterobacteriaceae and A. baumannii in a single patient. Cocarriage of strains producing NDM increases the risk of dissemination and reinfection, possibly promoting prolonged carriage and opportunities for further spread.
Nucleotide sequence accession numbers. The nucleotide sequences obtained in this study have been submitted to the GenBank database and assigned accession no. KP009590, KP009591, and KP027046.
